Abstract
Introduction
Minimally invasive techniques for the management of ureteropelvic junction obstruction (UPJO) have long surpassed the open method, as the treatment gold standard [1] . However, the occasional stone burden encountered during either laparoscopy or robotic-assisted laparoscopy needs to be addressed as optimally as possible.
Although smaller stones are easily retrievable through pre-existing laparoscopic port incisions with traditional instruments, the surgeon is faced with a dilemma when it comes to the extraction of much larger calculi. Namely, the need for a larger abdominal incision purely for stone extraction or the need for intra-corporeal stone crushing, laser, or lithrotripsy in order to render a patient stonefree. We conducted a systematic review of the literature using the: Scopus, Web of Science and PubMed Databases with search terms: "laparoscopic pyeloplasty and stone" and "laparoscopic pyeloplasty and calculus". Non-English articles were only considered if an accompanying English abstract mentioned the stone extraction technique performed in the respective article. Studies were excluded that described the removal of stones of less than 20 mm or where the size of stone was not specified ( fig.  1) .
We aimed to describe a novel, reproducible and safe method of large calculus extraction during laparoscopic pyelolithotomy via the transvaginal route. This extraction method avoids the use of lithotripsy or the need for extended or additional, abdominal incisions. This is a technique that can be performed in the same setting of laparoscopic pyeloplasty while still maintaining the requirements for minimally invasive surgery.
Materials and Methods
A 22-year-old female patient was found to have right-sided UPJO with ipsilateral urolithiasis (single 35 × 42 mm renal calculus) on computed tomography imaging of the renal tract. She was otherwise well with no other co-morbid disease. A double-J 6F ureteric stent was placed in the conventional manner via cystoscopy and fluoroscopic guidance prior to laparoscopic repair.
Human Research Ethics Committee (medical) Clearance Certificate No. M1710105 was obtained on the 20/12/2017 prior to commencement of this study.
The procedure ( fig. 2) (fig. 3 ) was carried out under general anesthesia with endotracheal intubation. The operation was performed with the patient in the standard flank position with slight lithotomy.
A 12-mm optical port was first placed at the umbilicus via the Hasson open technique to prevent blind intraperitoneal organ injury. Pneumoperitoneum was initiated and maintained at 12-18 mmHg throughout the procedure. Three additional 5-mm ports were then inserted under direct vision. One supra-umbilically, and 2 in the lower abdomen on either side. The small bowel was reflected off the right kidney and dissection initiated to visualise and mobilise the right ureteropelvic junction. A cutaneous stay suture was looped around the proximal ureter to elevate the UPJ. An additional 5-mm port was required intra-operatively to reflect the left lobe of the liver and this was inserted in the sub-xiphoid region under direct vision.
After mobilisation, the ureteropelvic junction was excised to reveal a large pelvic calculus. The calculus was removed by blunt dissection and guided into the pelvis. An Anderson-Hynes pyeloplasty was then completed, ensuring complete closure of the UPJ incision with continuous suture.
The Colpassist vaginal positioning device (Boston Scientific, Marlborough, Massachusetts, USA), traditionally used in laparoscopic pelvic floor repair surgery, was used to identify the posterior fornix of the vagina from laparoscopic view. A transverse posterior colpotomy was then performed. Amplatz type renal dilators (Boston Scientific, Marlborough, Massachusetts, USA) were used to increase the size of the incision until a 10 mm Endobag extraction bag (Endo Catch™ Gold 10 mm Specimen PouchMedtronic, Minneapolis, MN, USA) could be inserted to retrieve the stone intact.
The colpotomy incision was then closed with 2-0 absorbable 15 mm V-Loc suture (Covidien, Medtronic Minimally Invasive Therapies, Minneapolis, Minnesota, USA) and the abdominal port incisions were closed in the conventional manner. A drain was placed next to the right kidney and transurethral catheter inserted. The double-J ureteric stent was left in situ.
Results

Systematic Review Results
The systematic review search revealed 18 previous studies ( fig. 1 ), where removal was described under direct vision by one or a combination of the following methods during laparoscopic surgery: laparoscopic graspers, stone baskets, intra-or extra-corporeal lithotripsy (laser or pneumatic/ultrasonic) followed by irrigation and suc- Duplicates 303
Abstracts reviewed 222
Full texts reviewed 69
Excluded 153 Irrelevant 135 Language non -English = 18
Stone size ﹤ 20 mm or not specified = 37
Medthod of stone extraction not specified = 14
Excluded 51
Studies included in review 18
Adam/Reddy tion with flexible nephroscopy or extraction through an abdominal incision using an endoscopic tissue retrieval bag for larger stones [4, [7] [8] [9] [10] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] (table 1) .
Operative Results
No complications were reported intra-operatively. Post-operative recovery in the ward was uneventful. The abdominal drain was removed on the third post-operative day once the output was minimal. The patient was discharged 6 days after the procedure. First follow-up took place at 2 weeks with an acceptable cosmetic result ( fig.  3d ). The double J stent was removed 6 weeks post-operatively under fluoroscopic guidance. Retrograde studies showed no extravasation or attenuation of contrast.
Discussion
Stone presence is a significant complicating factor in patients presenting with UPJO, ranging from 20 [2] to 68% [3] . The management of which, can prove challenging to the surgeon, particularly in the preservation of the minimally invasive approach as we move away from the previous era of the "open" pyeloplasty. f Seldinger technique was used to confirm placement of the incision and progressive dilatation was carried out using Amplatz dilator set. g Stone positioned in the open end of the endoscopic retrieval bag prior to extraction through the vagina. h The colpotomy incision exposed (post stone extraction) using a colpassist device. i Closure of the vaginal incision. j Final appearance of the internal suture line (laparoscopic view) after stone extraction and closure. Smaller stone burden management has not proven to be difficult with conventional laparoscopic instruments readily available in most urological centres. The use of the laparoscopic grasper and stone basket under direct vision has been well described in the literature, while some studies have shown excellent stone-free rates with laparoscopic graspers alone [2, 4, 5] .
Although the Anderson-Hynes pyeloplasty has undergone various unintended modifications from its first inception [28] , the stone extraction technique may always prove to be a challenge to the attending urologist.
There has, however, not been much published about the management of larger calculi during laparoscopic procedures. The use of percutaneous nephrolithotomy prior to or intracorporeal lithotripsy during laparoscopic surgery for UPJO has been reported [6] . The disadvantage of this however, is that this often requires more than one procedure or a lengthier procedure. Sotelo et al. [7] described success with extraction of large staghorn calculi in 2 patients with the aid of a specimen retrieval bag through an abdominal incision. Nadu et al.
[8] described a case of a patient with a 9 cm staghorn calculus, on whom they performed laparoscopic anatrophic nephrolithomy and used an endobag for removal of the stone, again, through an extended abdominal incision. A larger (55 mm) stone was extracted through an extension of the supraumbilical port excision in another study [9] . Goel et al. [10] described another solution of large stone removal. They included extraction of larger stones (3 cm and larger) by placement of the stone into a retrieval bag and using stone-crushing forceps, reducing the stone into a size that was then able to be easily removed through one of the 12-mm laparoscopic insertion ports [10] , and thus obviating the need for an additional incision or extension of a port incision. This method does carry the risk of intra-corporeal bag rupture and potential iatrogenic abdominal injuries.
Although transvaginal extraction during minimally invasive surgery is not a new concept, its employment in the extraction of large renal calculi is however a novel technique. It has been used with some success, for example, during laparoscopic nephrectomy [11] [12] [13] [14] . Based on our current systematic review, this is the first description and successful performance of stone extraction via transverse posterior colpotomy for upper tract urolithiasis. We have now shown this to be an alternative extraction "route of passage" in the select patient. This may be more relevant in resource limiting environments where percutaneous nephrolithotomy equipment or expertise are not available.
Conclusion
We have described a novel extraction method of large upper tract calculus extraction following laparoscopic pyelolithomy and pyeloplasty for UPJO associated with renal stones in an appropriate female patient. We believe that this is a safe, easily reproducible and simple technique to perform by a surgeon with laparoscopic experience. There is no reason to specifically confine the advantages of this technique to patients with UPJO; it can be utilised for any appropriate female patient with a high stone burden where laparoscopic surgery is a viable option. This method is of great use in the ever-growing movement toward minimally invasive surgery and has very few functional and cosmetic complications and very low post-operative morbidity. 
